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Abstract 
In order to investigate the pollution of heavy metal in urban river , a total of 12 samples collected in the city of 
Suzhou, northern Anhui Province, China, were analyzed by X-ray Fluorescence for 5 metals (Fe, Cu, Zn, As and Pb). 
Enrichment factor (EF) and geo-accumulation index (Igeo) were used to quantitatively assess the influences of human 
activities on heavy metal concentrations. Moreover, the potential ecological risk of heavy metal is applied to 
evaluating pollution. The results indicate that: (1) the concentrations of heavy metals were Fe 2.10~2.96% (2.69%), 
Cu 41~173 mg/kg (105.8 mg/kg), Zn 54~1040 mg/kg (414.8 mg/kg), As 8~23 mg/kg (15.67 mg/kg), Pb 27~74 
mg/kg (54.67 mg/kg). (2) the results of EF and Igeo had consistency. The sediments in urban river were polluted by 
Cu, Zn and Pb, and its turn is Zn> Cu> Pb> As. (3) the levels of potential ecological risk of heavy metals are low, and 
its turn of   is Zn> Cu> Pb> As, and the turn of RI in each spot is S3(39.19) > S7(37.76) > S1(36.5) > S9(30.33) > 
S10(28.84) > S6(27.46) > S11(26.6) > S12(25.96) > S5(24.72) > S8(20.53) > S2(18.09) > S4(11.67). By 
investigating, some treatment scheme must formulate and implement, not only by the government, but also by all 
citizens. 
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1. Introduction  
Nowadays, heavy metals have contributed to water, sediment, air and soil pollution, because of 
industrialization and urbanization. Studies have shown that heavy metals and its compound are potentially 
toxic to plants, animals and humans, and they will be enrich and finally enter the human body by food 
chain [1]. Sediments are the fundamental components of a water body, and they serve as the sink of a 
range of heavy metals in water [2]. They are thus indicators that can reflect the condition of water 
environments. Heavy metals can be adsorbed or released easily in and out of the sediments [3]. As well as 
many studies show that the concentrations of metals in sediments are several orders of magnitude higher 
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than aqueous concentrations [4], and sediments act as carriers and possible sources of pollution because 
heavy metals are not permanently fixed by them and can be released back to the water column by changes 
in environmental conditions, unlike organic contaminants which can be decomposed during natural 
processes [5]. So the sediment quality needs to be assessed by analyzing the concentrations of heavy 
metals. Suzhou is a developing small and medium-sized energy city, which faces industry transformation. 
Urban river of is important for inland city, especially in Suzhou, north China. Many cities have been 
developed without adequate and proper planning. This has led to indiscriminate actions including, 
dumping of wastes into water, washing and bathing in urban rivers [6]. The conditions of urban river 
environments determine the healthy of residents. However, at now studies on urban river is still far less, 
especially sediment in urban river. In assessing the impact of heavy metal pollution on water 
environments, a number of methods have been used, for instance, enrichment factor, geo-accumulation 
index, potential ecological risk, and all that. But how the impact of pollution on a given sit is should be 
quantified among the various assessment methods. The aims of the study are therefore to (1) measure 
concentrations of heavy metals (Cu, Pb, Zn and As) in sediment of urban river; (2) assess degree of heavy 
metal pollution by using enrichment factor, geo-accumulation index, potential ecological risk; (3) 
summarize the status of heavy metal contamination. 
2. Background and sample collection 
Study region: Study region is located at a urban river in the center of Suzhou city in northern Anhui 
Province, China, with its longitudes range from 116°58'2"E to 116°58'56.09"E, and latitudes range from 
33°38'41"N to 33°38'13"N. Urban river enclose the core of urban area, and is about 4 km in length.  
    Sampling: Only the surface sediments (0-5 cm) had been collected by using a homemade sediment 
sampler. A total of twelve surface sediment samples had been collected in urban river (Fig.1). Sediment 
sampling was carried out in March, 2011. Samples were firstly air-dried in natural condition, and the 
debris of animals and plants had been removed by hands. Then the samples were powdered to 200 meshes 
after parching for 24h with 80ćin dryer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Sample location of study area 
     Analytical procedure: Samples were condensed to be tablets by using a 30t condenser, and then 
analyzed by X-Ray Fluorescence (Explorer 9000SDD) in the Engineering Research Center of Coal 
Exploration, Anhui Province. National standard sediment sample (GBW07307) is analyzed 
simultaneously for calibration, and the relative standard derivation is less than 10%. X-ray Fluorescence 
(XRD) method was widely used for monitoring the concentration of element, considered as a quick, 
accurate and convenience method, generally accepted by researcher [7~9]. 
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3. Results and discussion 
Heavy metal concentrations:The variations in concentrations of heavy metals (Fe, Cu, Pb, Zn and As) 
and their background value are listed on Table 1. 
Table 1 Heavy metal concentrations [mg/kg] of river sediments in the study area 
 Minimum Maximum Mean background 
Fe[%] 2.10 2.95 2.69 2.94 
Cu 41 173 105.83 22.6 
Zn 54 1040 414.83 74.2 
As 8 23 15.67 11.2 
Pb 27 74 54.67 26 
  Background: means soil environmental background values of China [10] 
 
 
 
 
 
                                                                              
 
 
 
 
 
 
 
 
                                                                                 
 
 
 
 
 
 
 
 
Fig.2 The concentration of heavy metal in each spot (line of dashes shows background concentration [10]) 
The concentration profile of Fe is form 2.10%~2.96%, which is well-distributed in sediment along the 
study river and is considered as a characteristic element for nature environment. Cu is from 41~173 
mg/kg, with average =105.8 mg/kg. The mean concentration is approximately five times to compare with 
background value, higher then dust in city of Beijing (78.34 mg/kg)[11], but lower then dust in city of 
Shanghai (127.52 mg/kg)[12], as well as two time higher than soil of near village(village in Sixian nearest 
country ). The concentration profile of Zn is form 54~1040 mg/kg, with average = 414.83 mg/kg, half 
concentration compare to sediment in Tianjin(891.9 mg/kg) sewage river [13] .As is form 8~23 mg/kg, 
with average=15.67 mg/kg, close to background value. The concentration of Pb is generally higher than 
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background value, from 27~74 mg/kg, with average=54.67 mg/kg, two times higher than background 
value, lower than industrial city [14]. The concentration of Cu and Pb has the same space distribution, and 
their values are higher than background value. We find there is a electroplate factory in the north of study 
area, and the sewage expelling from the factory contaminate urban river. Zn and As have the similar 
space distribution, and they may have the same source. The value of four heavy metal (Cu, Zn, As and Pb) 
peaked at spot S1, S3 and S7. It is concerned with sewage draining exits nearby. The mean concentrations 
of heavy metals are higher than background value, 0.4~3.7 times higher.   
4. Assessment of pollution level 
1.1. Potential ecological risk: 
 This method is quantitatively evaluated by the potential ecological risk index. It refers to 
concentration of heavy metal, toxic response and ecological factors, and was put forward  by Hakanson in 
1980 [20]. The potential risk index can calculate as follows 
 
                                                                                                                                    (1) 
Where         means the potential risk factor of individual metal,        RI means the potential of 
ecological risk of multiple metals.    means the factor of toxic response for heavy metal(Cu, Zn, As, Pb: 5, 
1, 10, 5 )  
     means the concentration of metal in the sample.              means the background value of pre-
industrial sediment  (Cu=70 mg/kg, Zn=175 mg/kg, As=15 mg/kg, Pb=70 mg/kg)[20].         means the 
contamination of heavy metal.  
Table 2 Potential ecological risk grades 
 Low Moderate Considerable High Significantly high 
Eir  < 30 30-60 60-120 120-240 >240 
R
I < 110 110-220  220-440 >440 
1.2. Enrichment factor (EF) 
: Enrichment factor which put forward by zoller [15], is a common method to estimating the 
anthropogenic impact on sediments by calculating differentiate between the metals originating from 
human activities and those from natural provenance or the mixed source of the metals [15]. The EF 
calculation seeks to reduce the metal variability associated with variations in sediment ratios. The EF 
method normalises the measured heavy metal content with respect to a sample reference metal such as Fe 
or Al [16].In this study we use Fe as a sample reference metal to calculating the enrichment factor since 
Fe was considered that the distribution of Fe was not related to other heavy metals, and usually has a 
relatively high concentration in the earth, The EF is calculated by the following equation:      
 
                                                                                                       (2)  
   where Mx and Fex are the sediment sample concentrations of the heavy metal and Fe (or other 
normalizing element), while Mb and Feb are their concentrations in a suitable background or baseline 
reference material [15]. EF < 2 is deficiency to minimal enrichment, EF 2-5 is moderate enrichment, EF 
5-20 is significant enrichment, EF 20-40 is very high enrichment, EF > 40 is extremely high enrichment. 
¦
 
 
n
t
i
rERI
1
C is
C is
C is
   FeMFeMEF xbbX uu /
E ir T ir
C is
2551 Jingliang Mei et al. /  Procedia Environmental Sciences  10 ( 2011 )  2547 – 2553 
1.3. Geo-accumulation index (Igeo) 
: A approach to estimating the enrichment of metal concentrations above background or baseline 
concentrations is to calculate the geo-accumulation index (Igeo) as proposed by Müller (1969)[17].This 
index is  
calculated as follows: 
                                                                                                             (3)                                                                             
 
where Cn is the concentration of the the element in the samples, and the Bn is the background or pristine 
value of the element. The factor 1.5 is introduced to minimise the effect of possible variations in the 
background values. Müller (1969) proposed sediment quality according to Igeo values listing as 
follows:Igeo > 5 extremely contaminated, Igeo 4-5 strongly to extremely contaminated, Igeo 3-4 strongly 
contaminated, Igeo 2-3 moderately to strongly contaminated, Igeo 1-2 moderatelycontaminated, Igeo 0-1 
uncontaminated to moderately contaminated, Igeo < 0 uncontaminated. 
 
5.Result of assessment and discussion 
Potential ecological risk: In this study, the minimum, maximum, and mean and RI were calculated as 
follows (Table 3,4) 
Table 3  potential ecological risk factor           and RI 
 
 
 
 
 
 
  
Table 4  The value of RI in each spot 
Acoording to results in Table, it indicates that (1) the concentration of each heavy metal in each spot has 
low potential risk factor; (2) the peak value of potential ecological risk is located in spot S1, S3 and 
S7,and the turn of RI in each spot is S3(39.19) > S7(37.76) > S1(36.5) > S9(30.33) > S10(28.84) > 
S6(27.46) > S11(26.6) > S12(25.96) > S5(24.72) > S8(20.53) > S2(18.09) > S4(11.67); (3) the turn of 
potential risk factor of each metal is: Cu > As > Pb > Zn. The results indicates that the spot in study area 
had already influenced by human activity, although the risk is low. 
EF and Igeo: In this study we used the mean soil background value of China[11]. The results of EF and 
Igeowas list as follows (Table 5). 
 
 Cu Zn As Pb RI 
min 4.1 0.31 5.33 1.93 11.67 
max 17.3 5.94 15.33 4.79 39.19 
mean 10.58 2.37 10.44 3.9 27.3 
 S1 S2 S3 S4 S5 S6 
RI 36.5 18.09 39.19 11.67 24.72 27.46 
 S7 S8 S9 S10 S11 S12 
RI 37.76 20.53 30.33 28.84 26.6 25.96 
 BCI nngeo 5.1/log2 
Eir
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Table 5 Enrichment factors and geo-accumulation index of heavy metal in study area 
According to the date in Table, (1)the average of EF value indicates that each heavy metal have already 
enriched in sampling sediments. The sampling sediments are strongly enrichment by Zn(5.98) and 
Cu(5.06), moderately by Pb(2.28), and minimal by As(1.51); (2)The results of the calculation of Geo-
accumulation Index (Igeo) in sediment are shown. The sediments are moderately contaminated by Zn 
(1.60) and Cu (1.56). The metal Pb (0.44) was between uncontaminated and moderately contaminated. 
As(-0.17) is in uncontaminated The result of enrichment factor and Igeo has consistency. The sediments 
in urban river polluted by Zn, Cu and Pb, not by As. The turn of pollution heavy metal is Zn> Cu> Pb> 
As. 
5. Conclusions 
      One assessment can not reflection status of pollution overall, the result of potential ecological risk 
indicated sediments in study area had low potential ecological risk, but the result of EF and Igeo , 
demonstrate that the sediments in area were contaminated by Cu, Zn and Pb, and As, with the turn of 
Cu > Zn > Pb > As. The peak of contamination is in spot S1, S3 and S7. Urban river in Suzhou city is 
significantly polluted by heavy metal, although low potential risk. It must be more attention to fight 
against the pollution not only by environmental protection agency, and also by the citizens.   
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